INTRODUCTION
We are exposed to many kinds of chemicals that are present in the air, water, soil and food. Some of them have mutagenic and carcinogenic activities on bacteria and mammals. 1, 2) Among them, nitrosamines are well known as strong mutagens/carcinogens, and as etiological factors of gastric cancer. 3, 4) Nitrosamines are formed from secondary amines and nitrite under gastric pH conditions. They are present in foods eaten every day, such as fish and meat, thus it is important to know how to protect carcinogenesis induced by nitrosamines.
Green tea and its components have antioxidative, 5) radical scavenging, 6) antibacterial, 7) antimutagenic 8) and anticarcinogenic 9) activities in vivo and in vitro. Brewed green tea infusion has been confirmed to have preventive effects on the development of induced cancers in animals. Catechins, such as (-)epigallocatechin gallate, are main constituents of green tea polyphenol, and have been shown to inhibit the promotion of induced carcinogenesis. 10) Green tea might show preventive effect on life-style related diseases such as diabetes and arteriosclerosis. 11, 12) Furthermore, green tea and catechins reportedly inhibited the formation and mutagenicity of nitrosamines. Nakamura and Kawabata described the effect of brewed green tea on the formation of nitrosodimethylamine in the reaction mixtures of dimethylamine and nitrite under acidic conditions. 13) Tanaka et al. also reported the inhibitory potency of catechins in green tea extract on the nitrosation of dimethylamine, morpholine and methylaniline. 14) However, they did not examine the inhibitory effect of green tea infusion brewed by the general method on the formation of nitrosamines. Therefore, it is The effects of repeatedly brewed green tea infusion on the formation of nitrosamine in vitro and in vivo, and on cancer mortality were examined. The first and second brews of green tea infusion inhibited the formation of nitrosomorpholine in the presence of morpholine and nitrite (nitrosation of morpholine), but the third to eighth brews accelerated it. The green tea infusion brewed from 5 g of leaves in 200 ml hot water (strong tea infusion) inhibited the nitrosation of morpholine, but that brewed from 2.5 g or less (weak tea infusion) promoted the nitrosation. The brewed green tea infusion that inhibited nitrosation of morpholine contained catechins at a high concentration, and that that promoted nitrosation contained catechins at a low concentration. The effects of green tea administered to Wistar male rats and that consumed by humans on the formation of nitrosamines were also examined. In both rats and humans, nitrosamine formation was inhibited by strong green tea extract but was increased by weak green tea extract. The concentration of catechins in the green tea infusion brewed by the general households in tea-producing areas was significantly higher than that brewed in non-producing areas. We examined the relationship between the concentration of catechins in green tea infusion brewed in different areas and the standardized mortality ratio (SMR) of cancer in respective areas, and found that the catechin concentration in green tea infusion correlated inversely and significantly with the SMR of cancer in that area. We concluded that strong green tea might inhibit the formation of nitrosamines and decrease the risk of carcinogenesis.
Effect of Green Tea on the Formation of Nitrosamines, and Cancer Mortality
important to study the effect of routinely brewed green tea infusion on the nitrosation of secondary amines.
Stomach cancer is the No. 2 cause of cancer deaths in the world, and its incidence and mortality in Japan are higher than in any other country in the world. 15) There are some epidemiological reports that the consumption of green tea infusion reduced the risk of gastric cancer in case-control studies. [16] [17] [18] [19] [20] [21] In contrast, some researchers reported that the consumption of green tea was not associated with the reduction of gastric cancer using recent prospective studies. [22] [23] [24] [25] In these reports that described the inhibitory effects or non-effects of green tea against cancer death, the relationship between the numbers of cups of green tea consumed and cancer death was examined, but the concentrations of catechins in the brewed tea infusion were not determined.
In this study, we examined the inhibitory effect of green tea on the formation of nitrosamines in vitro and in vivo to clarify the optimal intake of green tea against carcinogenesis by nitrosamines. Furthermore, we determined the catechins concentrations in green tea infusion brewed by the general household in green tea producing and non-producing areas in Japan. Furthermore, we studied the relationship between catechins concentrations in a cup of brewed green tea infusion and standard mortality ratio (SMR) of stomach, lung and colon cancers in 14 areas in Japan. HPLC Analysis of Nitrosomorpholine ---The concentration of nitrosomorpholine in the reaction mixtures was determined by HPLC using Shimadzu LC-6A series system (Shimadzu, Kyoto, Japan) equipped with a UV detector (SPD-6A, Shimadzu) set at a UV wavelength of 239 nm. A HiQ sil C18V column (4.6 i.d., 250 mm in length: KYATECH, New York, U.S.A.) was used. For detection of nitrosomorpholine, 5% methanol in purified water was used as the mobile phase. The flow rate was 1.0 ml/ min. The temperature of the column oven was 40°C.
MATERIALS AND METHODS

Chemicals
Determination of Catechin Concentration in
Brewed Tea Infusion ---Each brewed tea infusion was diluted to 10% by mobile phase, whose composition was 0.5% phosphoric acid and methanol (82 : 18). The diluted solutions were filtered through DISMIC-13HP (0.45 µm, Toyo Roshi Kaisha, Ltd.), and then filtrates were applied to HPLC analysis. HPLC apparatus was composed with Shimadzu LC-6A series system (Shimadzu) equipped with an electron capture detector (ECD) (NANOSPACE SI-1/2005, Shiseido, Tokyo, Japan) set at a voltage of 600 mV. CAPCELL PAK C18 UG120 column (4.6 i.d., 150 mm in length: Shiseido) was used. For detection of catechins, the mobile phase composition was isocratic. The flow rate was 0.8 ml/min. The temperature of the column oven was 40°C.
Nitrosation of Morpholine in Rat ---We performed and improved this method according to methods used by Pignatelli et al. 27) Six-week-old Wistar male rats (Japan SLC, Hamamatsu, Japan) were housed in an air-conditioned room and given CE-2 commercial food pellets (Crea Japan, Tokyo, Japan) ad libitum. Five rats were assigned to each experimental group. They were fasted for 24 hr, and then freeze-dried green tea extract was administered by gastric intubation at a dose of 0, 1.0, 2.0, 4.0, 10 or 20 mg/kg body weight. At the same time, the water solution of sodium nitrite and morpholine were administered in a similar way at a dose of 40 and 20 µmol/kg body weight, respectively. At 30 min after administration, the stomach was cut out from each rat. Stomach was homogenized with 25 ml water, and centrifuged (3000 g, 10 min). The supernatant was treated with 50 ml of dichloromethane three times. Combined extracts were dehydrated through anhydrous sodium sulfate and concentrated with a rotary evaporator under nitrogen to a final volume of 0.5 ml. The extracts were analyzed for nitrosomorpholine by GC/MS. o-Tolunitrile was used as an internal standard. The experimental procedures used in this study met the guidelines of the Animal Care and Use Committee of the University of Shizuoka. The Formation of Nitrosodimethylamine in the Human Body ---Twelve healthy non-smoking volunteers (six males and six females) participated in this experiment. The experiment was approved by medical ethical committee of the University of Shizuoka. The volunteers signed an informed consent, and answered to a questionnaire on food consumption and lifestyle habits. The participants had not taken either medicine or vitamin preparations prior to or during the study. The mean weight of the subjects (± S.D.) was 60.9 ± 15.5 kg (range 42-96 kg) and mean age was 28.8 ± 8.8 years (range 22-53 years). The study period was 4 days; the first three days of the study period were control days and the last day was the experimental day. During the control days, the volunteers refrained from consumption of food items containing high nitrosodimethylamine, nitrate, nitrite, amines, sulfur compounds, ascorbic acid and phenolic compounds containing food items in order to determine the background level of urinary excretion of nitrosodimethylamine. The experimental meal used in this experiment consisted of cooked rice (180 g), boiled marsh grass (80 g), one egg, french fries (50 g) and dried squid (50 g). The amounts of the precursors of nitrosodimethylamie in foodstuffs were 360 mg nitrate contained in 80 g boiled marsh grass, and 91.4 mg dimethylamine in 50 g dried squid. All volunteers were participated in four experimental groups, such as control, group A, B and C. Group A; did not drink green tea infusion, Group B; consumed green tea infusion at a low concentration (30 mg catechins/200 ml), Group C; consumed green tea infusion at a high concentration (300 mg catechins/200 ml). The urine samples were collected for 18 hr after the experimental diets were consumed (18 hr urine). Each sample was extracted with three 500 ml dichloromethane. The combined extracts were dried through anhydrous sodium sulfate, concentrated by rotary evaporator, and then concentrated under nitrogen to a final volume of 0.5 ml. The extracts were analyzed for nitrosodimethylamine concentration by GC/MS. o-Tolunitrile was used as an internal standard. GC/MS Analysis of Nitrosamines ---Nitrosomorpholine and nitrosodimethlyamine in dichloromethane extracts were analyzed with a HP 6890 GC-HP 5972A MS system. The capillary column was a TC-WAX (30 m × 0.25 mm × 0.25 µm, GL Science Inc., Tokyo, Japan). Helium was used as a carrier gas at a flow rate of 1.0 ml/min. The oven temperature was increased from 50 to 150°C at a rate of 5°C/min, and then kept 150°C for 10 min. The temperature of the injector and GC-MS transfer line was kept at 220°C. The MS detector was run in electron impact ionization mode, and the electron energy was 70 eV. Nitrosomorpholine and nitrosodimethylamine were quantified in selected-ion monitoring mode using the molecular ions 116 and 74, respectively. Sampling Green Tea Infusion Brewed by General Households in Different Areas and the SMR of Cancer in Respective Areas ---We collected green tea infusion brewed by general households in 14 areas including green tea producing and non-producing areas in Japan. We defined the areas producing 500 t and more green tea as tea-producing areas, and those producing less than 500 t as non-producing areas. Green tea infusion was brewed by the usual method, in which hot water was poured on green tea leaves in teapot under traditional conditions. Green tea infusion was put into containers by each family in areas. The brewed tea infusion was transported to our laboratory under refrigeration. Fifteen to 20 tea infusion samples were collected from each area.
Until the determination of catechins concentration using HPLC apparatus, samples were kept cold. The SMR of cancer in each area was obtained from the Japan Health Promotion & Fitness Foundation. Statistics ---A t-test was used to evaluate the significance of the differences in the production of nitrosoamines between experimental groups. The significance of the relationship between SMR of cancer and the concentration of catechins in each cup of brewed green tea infusion was evaluated by regression analysis. In these tests, p-values lower than 0.01 or 0.05 were considered to be statistically significant.
RESULTS AND DISCUSSION
We examined the effect of green tea infusion brewed repeatedly using the same leaves on the formation of nitrosomorpholine from morpholine and nitrite under acidic conditions (pH 3.0) in vitro. Figure 1 shows the relative amounts of nitrosomorpholine formed in the green tea infusion after repeated brewing. The first and second brews of green tea infusion suppressed the formation of nitrosomorpholine from morpholine and nitrite to 0.4 and 0.6-fold of that in the absence of green tea infusion, respectively (Fig. 1) . However, the third to eighth brews accelerated the nitrosation of morpholine about 3-fold (Fig. 1) . The concentrations of (-)-epicatechin, (-)-epigallocatechinm (-)-epicatechin gallate and (-)-epigallocatechin gallate, in each brew were determined by HPLC. In the first and second brews concentrations of catechins were 628 and 620 mg/l, respectively. In the third to eighth brews, the concentration of catechins was 363, 221, 145, 1l0, 82 and 68 mg/l in this order. With repeated brewing the concentration of catechins in the brewed green tea infusion decreased (Fig. 1) .
We examined the effect of the amounts of green tea leaves used for brewing on the formation of nitrosomorpholine from morpholine and nitrite in the brewed tea infusion. Green tea infusion brewed from 5 g leaves per 200 ml hot water (strong tea infusion) inhibited the formation of nitorosomorpholine, but that brewed from 2.5 g and less (weak tea infusion) accelerated it as shown in Fig. 2 . Next, we determined the concentration of catechins in each brewed tea infusion. The concentration in the green tea infusion brewed from 5 g leaves, which exhibited the inhibitory effect on the formation of nitrosomorpholine, was 684 mg/l. However, the concentration in the green tea infusion brewed from 0.1, 0.5, 1.0 and 2.5 g tea leaves were 21, 69, 146 and 307 mg/l, respectively (Fig. 2) .
We examined the formation of nitrosomorpholine in the solution containing (+)-catechin and nitrite at different molar ratios. In the solution in which the molar ratio of (+)-catechin to nirite was 0.025-0.1, the amount of nitrosomorpholine formed was larger than in the solution without (+)-catechin (control), but in the solution in which the molar ratio was 0.15 and over, it was smaller than in the control (Fig. 3) . Tanaka et al. reported that brewed green tea infusion and catechins had the strong inhibitory effect on the nitrosation of secondary amines in 
vitro.
14) However, because they used only green tea infusion brewed at high concentrations, not at low concentrations, they did not observe the promoting effect of brewed tea infusion on the formation of nitrosamines. Nakamura and Kawabata reported both promoting and inhibitory effects of green tea infusion on nitrosamine formation in vitro, as was the case in our study. 13) They confirmed the existence of an optimum concentration of brewed green tea infusion for the catalytic effect on nitrosamine formation. Furthermore, they demonstrated that the nitrosation reaction could be inhibited by the presence of other polyphenols, such as flavonols, flavones and isoflavones.
From these results, we considered that the promoting and inhibitory effects of brewed green tea infusion on the formation of nitrosomorpholine might depend on the concentration of catechins in the brewed tea infusion and nitrite concentration, although we need to study the effects of chemicals contained in the brewed green tea infusion, such as vitamin C, and tocopherol on the formation of nitrosamines.
We investigated the effects of eight moiety chemicals in catechins, such as resorcinol, phloroglucinol, catechol, pyrogallol, gallic acid, methyl gallate, phenol and hydroquinone, on the formation of nitrosomorpholine. Resorcinol and phloroglucinol, which have an A-ring model structure, accelerated the formation of nitrosomorpholine at a low concentration, and inhibited it at a high concentration (Fig. 4) . However, other chemicals inhibited the nitrosation of morpholine dose-dependently, and did not show the same effect as (+)-catechin. Pignatelli et al. reported the catalytic action of catechins and resorcinol on the nitrosation of proline in vitro. 27) A conceivable mechanism has been thought for the catalysis of nitrosation by some of phenolic compounds. C-nitroso derivatives may be formed by further reaction with the nitrosating species to generate a more powerful nitrosating agent, which could be a nitrosoquinone oxime derivative. Its reaction with the nitrosatable substrate produces the nitroso compound. This mechanism indicates that increasing amounts of catalytically active phenolic compounds lead to higher concentrations of the C-nitroso intermediates, and consequently to a reduced concentration of the nitrosating species. This mechanism would explain the optimum ratio for nitrite to phenolic compound. Accordingly, a large excess of phenolic compound would inhibit nitrosation, because the nitrosating agent would be completely used up in forming the catalyst and none would be left to continue the catalytic reaction. Although we confirmed that the A-ring structure in catechins affected the formation of nitrosamines, the mechanism has not been clearly clarified yet. We need to examine the mechanism of catalytic and inhibitory activities of catechins on the nitrosation of secondary amines. Next we examined the in vivo action of green tea on the formation of nitrosamines using Wistar male rats administered nitrite and morpholine. We found that the administration of 0.5, 1.0 and 2.0 mg/kg of freeze-dried brewed green tea extract increased the production of nitrosomorpholine in the stomach as compared with the control group (Fig. 5) . Especially the administration of 1.0 mg/kg body weight of green tea extract significantly (2.3-fold) increased the formation of nitorosomorpholine in the stomach (Fig. 5) . However, the administration of green tea extract at a dose of 5.0 or 10.0 mg/kg body weight significantly inhibited the formation of nitorosomorpholine in the stomach (Fig. 5) . It is said that Japanese usually intakes 190.8 ± 128.3 mg/day of nitrate and 3.837 ± 3.647 mg/day of nitrite. While, nitrate are contained on the high concentrations in spinach, chinese cabbage and mushroom, respectively (3560 ± 552, 1040 ± 289, 1836 ± 48 µg/g). Dental bacteria in mouth or the storage of vegetables easily reduces nitrate to nitrite. There is an example that adults got food poisoning by eating spinach contained high concentration nitrate. Therefore, we thought that the concentration of nitrite administered to rats in this experiments was reflected the human Freeze-dried brewed green tea was administered by gastric intubation. At the same time, the water solution of sodium nitrite and morpholine were administered at a dose of 40 and 20 µmol/kg body weight, respectively. After administration of them, stomachs were cut out and treated with dichloromethane. The extracts were analyzed for nitrosomorpholine concentration by GC/MS. intake of nitrite. Pignatelli et al. determined the concentration of nitrosoproline in 24 hr urine excreted from the rats administered nitrite, proline and catechin. 27) They reported that the catalytic and inhibitory effects of catechin on the nitrosation of proline in rats depended on the concentration of catechin. Thus, the effects of brewed green tea infusion in vitro and in vivo were opposite on the nitrosation of secondary amines There are few reports about these opposite effects of brewed green tea infusion on the formation of nitrosamines in humans. Therefore, we examined the effects of brewed green tea infusion on the endogenous formation of nitrosoamines in human subjects taking the experimental meal rich in nitrate and dimethylamine. The concentration of nitrosodimethylamine on control days (not taking the experimental meal) was 26.7 ± 20.1 ng/18 hr urine as shown in Fig. 6 . In the group consuming the experimental meals rich in nitrite and dimethylamine but without brewed green tea infusion (group A), the concentration of nitrosodimethylamine in 18 hr urine was 82.2 ± 29.6 ng, which was significantly higher than that on the control days (Fig. 6 ). In the group consuming green tea infusion brewed at a low concentration (weak tea infusion; group B) the concentration of nitrosodimethylamine was 117.4 ± 20.9 ng/18 hr urine, which was significantly higher that that in group A (Fig. 6 ). In the group consuming green tea infusion brewed at a high concentration (group C), the concentration of nitrosodimethylamine in urine was significantly lower (52.2 ± 34.0 ng/18 hr urine) than that in group A (Fig. 6) . Thus, in tests with rats and human also, brewed green tea infusion exhibited the contradictory effect (promoting and inhibitory) on the formation of nitrosoamines depending on the concentration of green tea infusion as in rats and in vitro experiment. There are some reports about the inhibitory effect of brewed green tea infusion on the nitrosation of secondary amines in vivo. Coi et al. showed that the excretion amount of nitrosamines in urine was significantly decreased by administration of brewed green tea infusion in human taking secondary amines and nitrate-rich foods. 28) Vermeer et al. reported that consumption of four cups of green tea infusion (2 g) per day significantly decreased the amount of nitrosodimethylamine in the urine of humans who consumed a meal of fish rich in amines and nitratecontaining drinking water. 29) Consumption of eight cups of green tea infusion (4 g) per day, however, significantly increased nitrosodimethylamine excretion. They reasoned that this increase is probably a result of catalytic effects of tea polyphenol on nitrosation. Consequently, we assume that there is an optimal amount of green tea against nitrite amount for inhibition of the formation of nitrosamines. We recommend that we take in higher concentration of green tea infusion to protect from nitrosamines formation in stomach, because it is impossible to detect the contained level of nitrate and nitrite in foodstuffs during a meal.
In the following experiments, we determined the concentration of catechins in green tea infusion brewed by the general households in seven tea-producing areas and seven non-tea-producing areas (Fig. 7) . The concentration of catechins in the brewed green tea infusion in tea-producing areas tended to be higher than that in non-producing areas. The green tea infusion brewed in area I contained larger amount of catechins (717 ± 336 mg/l) than that in other areas. In contrast, the green tea infusion brewed in area C contained a smaller amount of catechins than in other areas. The mean catechin concentration in the green tea infusion brewed in tea-producing areas was 569 ± 259 mg/l, and was significantly higher than that in non-producing area (418 ± 224 mg/l) as shown in Fig. 7 . We examined the relationship between catechin concentration in green tea infusion brewed in each area and the SMR of stomach, lung and colon cancers in respective area. The SMR was significantly correlated with the concentration of cat- tea-producing areas and people in such areas drank lots of brewed green tea infusion based on an ecological study. 16) Some previous case studies showed that the risk of gastric cancer was reduced by increased consumption of brewed green tea infusion. Inoue et al. demonstrated that the rate of suffering from stomach cancer was significantly decreased by increasing the intake of green tea infusion (7 cups or more per day) in case studies. 18) Gao et al. also observed an inverse correlation between the amount of tea infusion drinking and endometrial cancer risk, and reported that regular tea drinkers had a reduced risk of endometrial cancer in premenopausal women compared with non-tea drinkers in case studies. 21) Some researchers, however, found that drinking green tea infusion is not related with cancer prevention in a prospective cohort study. It is thought that using the prospective cohort study gives more strict results than case-control studies and the ecological studies. Suzuki et al. reported that consumption of green tea infusion (5 cups or more per day) was not associated with a lower risk of colorectal and breast cancers using the prospective cohort study. 30, 31) Tsubono et al. reported the same results on gastric cancer. 22) However, Sasazuki et al. recently observed that an inverse correlation between green tea infusion consumption (5 or more cups per day) and distal gastric cancer was observed among women recently. 32) As mentioned above, there are some reports about contradictory effects of green tea on the risk of cancer using epidemiological researches. These studies, however, examined only the number of cups echins in brewed green tea (Fig. 8) . These results show that drinking green tea infusion brewed at a high concentration (strong tea infusion) might decrease the risk of dying of cancer. Oguni et al. reported that SMR of cancer was very low in the green taken per day, and not the catechin concentration in each cup of brewed tea infusion taken by the subjects.
However, we examined the concentrations of catechins in green tea infusion brewed by the general households in different areas and found differences in the concentration of catechin between the tea infusions brewed in green tea-producing and nonproducing areas, and among those brewed by households in the same sampling area. The results showed that the concentration of catechins in brewed green tea infusion might be very important factor in the epidemiological study on the relationship between green tea infusion consumption and the risk of cancer. However, we determined only fifteen-twenty tea infusion samples from one area. Therefore, we need to collect many more green tea infusion samples from one area, and detect catechins concentration in a cup of green tea infusion in future. In addition, we have to examine how to brew green tea infusion in each family in sampling areas, because brewed methods were different among all families.
In this study, we demonstrated that the formation of nitrosoamines was inhibited by green tea with a high catechin concentration, but was accelerated by that with a low concentration. Furthermore, an inverse relationship was observed between catechin concentration in brewed green tea infusion consumed by humans and SMR of cancer. From these results, we recommend discarding green tea leaves after the second brewing and using lots of tea leaves. However, we need to examine further the effect of green tea infusion consumption on the risk of cancer using more detailed data, such as catechin concentration in brewed green tea infusion or amount of brewed green tea infusion consumed by humans.
